INTRODUCTION

MATERIALS AND METHODS
OBSERVATION SITES AND EQUIPMENT
Raptor migration was studied in southern Israel at two observation sites: in the Negev Highlands near Sede Boqer, and in the Arava Valley near Hazeva (Fig. 1) . In autumn 1991, the observation period was from 10 September to 31 October at both sites, and observations were carried out mainly in the morning until 1l:OO and in the late afternoon from 16:00 onwards. The break of 4-5 hours in the middle of the day was imposed for operational reasons, such as data backup and routine evaluations. In 1992 the break was shortened to 2 hours and shifted from day to day in order to cover the whole day with observations. 
ALTITUDE OF FLIGHT AND DIURNAL COURSE OF MIGRATION
Marsh Harrier. In spring, the range of flight altitude was between 50-800 m above ground level (agl), and the 50% altitude limit slightly increased from 200 to 300 m agl during the day (Fig. 2) . In autumn, the range of flight altitude was between lOO-1,200 m agl, and the 50% altitude limit increased from 400 to 600 m agl ( In spring, the range of flight altitude was between 50-800 m agl (Fig. 2) . Highest birds were tracked in the late morning, and the 50% altitude limit decreased during the day from 500 to 300 m agl. In autumn, the range of flight altitude ranged from lOO-1,100 m agl, and the 50% altitude limit was quite constant at about 500 m agl ( gu' s/Pallid Harrier were not observed before 30% of daytime. In autumn, the main migration started at about the same time, but there were some birds already aloft at a time when thermal activity was too low to bring them up to such heights (see Discussion). 
GLIDING, SOARING AND FLAPPING-AND-GLIDING FLIGHT
Montagu' s/Pallid
Harrier. In contrast to the Marsh Harrier, airspeed and sinking rate while gliding were not correlated with the actual climbing rate ( Fig. 7 ; airspeed, n = 21, r = 0.22, ns; sinking rate, n = 21, I = 0.12, ns). Climbing rates had little effect on gliding behavior. A tendency of increasing cross-country speeds relative to the air with increasing climbing rates was indicated ( Fig. 8; cross- (Table 3) . Wind speeds were similar for these species in spring and autumn. The birds reached similar groundspeeds in both seasons. Under the opposing wind conditions in spring, they had higher airspeeds and higher sinking rates while gliding than in autumn. Flight altitude during these glides was similar in spring and autumn. (Table 4) 
CROSS-COUNTRY SPEED Marsh Harriers and Montagu' s/F%llid Harriers had similar cross-country speeds
DISCUSSION
KIGHT STRATEGIES
This study presents the quantitative results of parallel observations of three Circus species. Observations covered the whole day, i.e., from sunrise to sunset, regardless of favorable or unfavorable environmental conditions or abundance of migrating raptors. This method revealed species-specific behavioral reactions induced by environmental conditions such as variation in temperature and thermal activity during the course of the day, wind direction, wind speed, and topography.
The possibility of alternating their flight styles from flapping-gliding to soaring-gliding allows these harriers to migrate under various environmental conditions. If thermal convection is available, they prefer the soaring and gliding tactic, as do other large soaring migrants. Additional flapping-gliding flight is used mainly during the first hours after sunrise and before sunset when thermal updrafts are scarce or weak. By combining the two styles, the harriers are able to use the whole day for migration, some of them perhaps use even the night (see below). As in typical soaring migrants like Steppe Buzzard Buteo buteo vulpinus and Steppe Eagle Aquila nipalensis, most harriers appeared two to three hours after sunrise (Spaar 1995, Spaar and Bruderer 1996) , and as in the Levant Sparrowhawk Accipiter brevipes (Stark and Liechti 1993 ) and the Honey Buzzard Pernis apivorus (Bruderer et al. 1994 ), some high altitude flights already had occurred soon after sunrise.
The theory of optimal flight behavior (Pennycuick 1989) predicts that a bird which maximizes its cross-country speed in soaring and gliding flight increases its gliding airspeed with increasing climbing rate in thermal soaring. This behavior was found in typical soaring migrants such as Steppe Buzzard (Spaar 1995, Spaar and Bruderer, in press) and Steppe Eagle (Spaar and Bruderer 1996) . Despite their close relationship, Marsh and Montagu' s/Pallid Harrier showed obvious differences in flight behavior. Marsh Harriers adopted their gliding airspeeds according to the actual thermal conditions. Thus, they tried to maximize cross-country speed in soaring-gliding flight. In contrast, no correlation was found be-tween gliding airspeed and climbing rate for Montagu' s/Pallid Harriers. Obviously, they did not adjust their gliding behavior to different thermal conditions. These smaller species seem to be less adapted to the soaring-gliding strategy but are more flexible, being able to migrate by flapping-gliding or by soaring-gliding flight. Because the proportion of energy consumption to weight increases with body mass during flapping flight (Pennycuick 1972) , the energetic benefit of using soaring-gliding compared to flappinggliding flight is probably low in these smaller species. However, the proportion of flappingand-gliding flight was similar in both Marsh and Montagu' s/Pallid Harrier and generally lower in autumn than in spring when unfavorable opposing wind conditions predominated. Therefore, Marsh Harriers tended to behave optimally in soaring and gliding flight like larger soaring migrants, but additionally compensated for suboptimal soaring performance by flapping-gliding flight over longer distances. They showed a higher proportion of flapping flight than Steppe Buzzards or Steppe Eagles, but predominately migrated with a soaring and gliding tactic (Spaar 1997 ).
TIME-OR ENERGY-MINIMIZING MIGRATION
The three harrier species used a mixed flight strategy: they minimized energy consumption per unit time by using soaring-gliding flight during daytime when thermal conditions were suitable. Additionally, they extended their daily migratory activity by using flapping-gliding flight predominately soon after sunrise and before sunset or under bad thermal conditions, probably even during the night. Thus, time minimization during migration seems to be an important consideration for these harriers. 
GLIDING BEHAVIOR UNDER DIFFERENT WIND SITUATIONS
Wind direction and wind speed play a major role for migrating soaring birds. Marsh and Montagu' s/Pallid Harrier showed distinct differences in gliding behavior. Marsh Harriers maintained the same interthermal gliding airspeed in following and opposing winds. Therefore, Marsh Harrier had lower gliding ground speeds in opposing winds, and cross-country speeds were reduced relative to the ground. They optimized their cross-country performance in soaring-gliding flight by adopting gliding airspeeds according to the actual climbing rates. This behavior was very similar to typical soaring migrants optimizing their flight characteristics in soaring-gliding flight. In theory, when maximizing cross-country airspeed in soaring-gliding flight, there is an optimal airspeed in interthermal gliding that depends on the actual climbing rate in thermal soaring (Pennycuick 1989 ). In general, interthermal gliding airspeed depends on several factors such as climbing rate in thermal circling, flight altitude above ground as well as tailwindand sidewind-component; and different species react differently to these environmental factors (Spaar 1997) .
In contrast, MontaguWPallid Harrier reached similar gliding groundspeeds in opposing and following winds. They accomplished it by enlarging their sinking rate in opposing winds, increasing both airspeed and gliding angle. However, a bird cannot increase its overall crosscountry speed by adopting a higher airspeed than theoretical optimal airspeed, because it also increases its sinking rate and wastes part of the potential energy. This loss in cross-country speed might be compensated for by increasing the proportion of flapping flight: Montagu' s/Pallid Harrier maintained a constant crosscountry speed relative to the ground during migration regardless of flight style.
Assuming that the primary mode of flight for the Common Crane Grus grus is by flapping, Pennycuick et al. (1979) showed that thermal soaring and inter-thermal (powered or non-powered) glides reduce the energetic costs per unit distance, but result in a drastic decline in crosscountry speeds. For the harriers, cross-country speed in relation to the air was similar in flapping-gliding and soaring-gliding flight, perhaps due to the fact that airspeeds in flapping-gliding flight were very low (8 m set-l) compared to powered flight of the Common Crane during sea crossing (18.6 m seer; Alerstam 1975).
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